Myocardial injury, manifested as transient cardiac contractile dysfunction ("stunning") and myocardial infarction, is the most frequent complication during heart surgery and is the single most important cause of hospital complications and death. Furthermore, patients who have a perioperative myocardial infarction have poor long term prognosis: only 51% of such patients remain free from adverse cardiac events after two years, compared with 96% of patients without infarction.
1 Consequently, the detection of myocardial injury during cardiac surgery could be advantageous in the implementation of perioperative management, and it has long term prognostic implications.
Cardiac contractile dysfunction is the most prominent feature of myocardial injury despite the fact that there are virtually no perfect measures of postoperative cardiac function. The inotropic requirement is a "soft" measure and can vary considerably depending on the concomitant degree of volume administered, the depth of anaesthesia or postoperative sedation, and the particular guidelines for blood pressure and filling pressures regarded as acceptable in each hospital. Thermodilution techniques are load dependent and cannot estimate regional contractile impairment. Other invasive procedures such as conductance catheters and sonomicrometry provide a better assessment of the contractile state of the heart; however, they require invasive manipulation, which prevents their application clinically. Nuclear medicine methods, including magnetic resonance imaging and positron emission tomography, can evaluate tissue perfusion and metabolism in addition to global and regional contractility. Although there are obvious advantages in the simultaneous assessment of these functions, nuclear medicine tools are expensive, very few centres have access to the technology, and they are not applicable when the patient is on the operating table, soon after surgery or in patients in high dependency intensive care. Finally, the existing echo Doppler systems, although non-invasive and readily available, have the limitation of being sensitive to alterations in loading conditions, the interpretation is operator dependent and, at present, cannot yield an accurate assessment of contractile function.
Because of the numerous limitations with the assessment of cardiac contractile function, other methods to detect myocardial injury during cardiac surgery have been sought. ECG monitoring is constantly displayed for the first few hours after surgery and usually a full 12-lead ECG is only performed when myocardial injury is suspected. However, perioperative ECG changes are not indicative of reversible ischaemic injury, and ST-T wave changes are not reliable signs of myocardial infarction. New persistent Q waves only can be considered as evidence of perioperative myocardial infarction.
2 As a result, the assessment of a number of serum biochemical markers has been proposed to detect myocardial injury. It should be emphasised that many of these markers are released from damaged skeletal muscle as well as from the myocardium, and this lack of specificity makes them of limited use for the identification of myocardial injury.
However, some of the markers, including creatinine kinase (CK) MB isoenzyme and troponin T and I, are more specific and sensitive for cardiac damage, and they have been proposed as useful for diagnosing myocardial injury in daily clinical practice.
CK-MB is the most commonly used biochemical marker to detect myocardial injury following cardiac surgery. Most patients undergoing cardiac surgery exhibit an increase in the release of CK-MB 1 3 even in the absence of other clinical and biochemical evidence of myocardial necrosis. Therefore, the threshold separating a routine perioperative increase from substantial damage is unclear, and the value and interpretation of this enzyme release remains to be defined. An additional problem is that the detection of CK-MB in plasma is not entirely specific for myocardial necrosis as skeletal muscle has a fourfold higher CK content than myocardium and it contains measurable CK-MB activity (2%). 4 Hence, the peak CK-MB increase may be of limited significance; it has been suggested that the pattern of CK-MB liberation from serial determinations may be more reliable for the detection of perioperative myocardial damage. 1 5 Because of these problems, troponin T and I have been promoted as alternative markers of injury.
Troponins (T, I, and C), which regulate muscle contraction through the tropomyosin complex, exist in cardiac and skeletal muscle; however, the isoforms troponin T and I have diVerent protein structures and they are specific for the heart. 6 It has been shown that both troponin T and I have a high sensitivity and specificity for the diagnosis of acute myocardial infarction. 7 8 Detection of significant plasma release of cardiac troponin T and I has been observed previously in low risk patients undergoing myocardial revascularisation. [9] [10] [11] [12] In this issue, Koh and colleagues report on the utility of the assessment of troponin T for the determination of myocardial injury when measured in the coronary eZuent of patients undergoing routine bypass graft surgery. 13 They found that troponin T release was related to ischaemic time as well as to delayed recovery of left ventricular function and oxidative metabolism. These results confirm that troponin T can detect myocardial injury during bypass surgery, but more importantly, they show that the increased release of troponin T occurred in the presence of reversible myocardial damage.
The argument that the release of troponins may occur in stunned myocardium is supported by clinical findings that their plasma concentrations are raised in most patients undergoing cardiac surgery [9] [10] [11] [12] and by the demonstration that troponin T and other contractile proteins (for example, myosin, actin, and tropomyosin) exhibit complete disruption of their localisation pattern within 20 minutes of the onset of ischaemia 14 ; a time period known to induce myocardial stunning in ischaemic cardiomyopathic human tissue. Further support for the hypothesis that troponin is degraded in the stunned myocardium is provided by the experimental demonstration that troponin degradation and the contractile dysfunction of stunning occur at the same time, and that both can be prevented by low Ca 2+ /low pH reperfusion. 15 Although Koh et al's report 13 establishes an important relation between the release of troponin T and stunned myocardium in the human heart, their study does not disclose the threshold of troponin T release to determine whether any observed elevation represents reversible and therefore recoverable myocardium or, irreversible myocardium that is destined to die. This distinction is important for therapeutic decisions and prognostic implications.
Other aspects of Koh et al's study deserve attention. The measurement of troponin T release in the coronary effluent does not take into account enzyme release into the myocardial lymph and, by doing so, the peak and the total release of the protein may be underestimated. It is also worth noting that, because the half life of troponins is long (they can stay raised for at least four days after an acute myocardial infarction), 16 the plasma increase detected during the early moments of reperfusion may not reflect the reperfusion injury sustained during a later phase or the presence of new ischaemic events that may occur during the postoperative period (such as acute occlusion of a coronary bypass graft).
There is consensus that a rapid and reliable test to ascertain the existence and degree of myocardial injury is much needed during cardiac surgery. This test will have the potential to aid in the selection of treatment strategies and it will provide a sensitive tool to investigate the eVects of protective interventions. Troponin T and I appear to be good candidates; however, the following questions remain unanswered: + What plasma concentration of these markers is required to establish the presence or absence of myocardial injury? + Do plasma concentrations allow us to determine the extent of injury and permit a diVerential diagnosis between reversible and irreversible injury? + Is a single plasma determination enough to detect any degree of myocardial injury?
+ Alternatively, is the pattern and total amount of release of the marker required to grade the damage? 
